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Extragalactic source:
e.g. Blazar

Blazars: AGNs emitting at all wavelength

with energetic jets pointing towards us.

Reverse of most known electron-positron
annhilation process

- FERMI Telescope

llustration: Nina McCurdy & Joel Primack
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z = 0.1, 0.3, 0.6, 1.0

, 0.6, 1.0

See Dominguez & Prada 13,
Biteau & Williams 15

E?lergy [TeV] : Nina McCurdy & Joel Primack
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Model

Scully et al. (2014) — high
Kneiske et al. (2004) — best -fit
Gilmore et al. (2012) — fixed
Gilmore et al. (2012) - fiducial

) ez el ¢ 20
Franceschini et al. (2017)
Gilmore et al. (2009)
Inoue et al. (2013)
Kneiske & Dole (2010)
Helgason et al. (2012)

Scully et al. (2014) — low

Ref.

Significance of b=0
Rejection®

16.0
16.9
16.7
16.6

h])

0.4240.03 |
0.68+0.05 |
1.3040.10 |
0.8140.06 |
3 )10
1.2540.10 |
1.03+0.08
0.87+0.06
0.94+0.08
1.10+0.08
1.00+0.07

Significance of b=1
Rejection®

17.4
6.0
3.0
29

Somehow these two models bracket the EBL uncertainties that are compatible with gamma-ray attenuation

Abdollahi+ 18
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Preliminary

. —— This Work, F10
: This Work, D11
: —— This Work, Combined

Hy = 664753 kms~! Mpc ™!
Q= 0.27 (fixed)

Uncertainties include stats + sys
(approx. 2.3% level)
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Gamma-ray attenuation (This Work)

eCMB+BAO-+Cepheids+SNe (Hinshaw et al.| 2013)

.

Gamma-ray attenuation (Dominguez & Prada 2013)

Planck TT, TE, EE+lowPWP-+highL+BAO (Ade et al. 2015)
=

DES (combined, Abbott et al. 2018) = Preliminary

Type la Supernova (Riess et al. 2018)

—.—

High-redshift Galaxy Clusters (Bonamente et al. 2006)

Combination of
techniques is important
Gl Loeng o 3, 011 [ to control systematics

Type la Supernova (Riess et al. 2011)

CMB+BAO (Anderson et al. 2012)
>

Extragalactic HIl (Chévez et al. 2012)
— RS

CMB (Hinshaw et al. 2013)
+

Galaxy Clustering (Chuang et al. 2013)
_._
, Dominguez+
Cepheids (Freedman et al. 2012) .
i EEEELEE o (in prep.)
Hy [km s~" Mpc™}]




H, = 64.04_’%% km s ! Mpc_1 2, <0.24 (20) Dominguez+ 11
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Hy = 64-01%% km s~ Mpc™! Q,, < 0.24 (20)

Hy=66.2t18 km s~ Mpc1 Q,,, < 0.35 (20
4.3

H =66.2,."° km/s/Mpc

Uncertainties include stats + sys Qm <0.35 (ZSigma)
(approx. 6.7% level in H,)
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—— This Work (Only )
—— CMB (Planck)
——- SN+BBN
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Y This Work (Combined, BAO+BBN+SN++) ~ —-— SN+BBN
——— This Work (Only 7)

—— CMB (Planck)

Preliminary

BAO+BBN

WA | H,=66.0 £ 1.6 km/s/Mpc

Q =0.29 +0.02
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- Measurements of gamma-ray attenuation can be used to
extract cosmological information: novel and independent
technique

- These latest optical-depth measurements, both from Fermi-LAT
and Cherenkov telescopes, have been used to search for the H,

and Q_ values

- We obtain H, = 66.4 _ . **> km/Mpc/s (fixing WM=0.27)

compatible with the lower end of Hubble constant measurement
from other methodologies

- First attempt of measuring simultaneously H,and Q_ with
gamma rays leading to Q_< 0.35 (2sigma)






Dust

absorption IMF Stellar

photons

Stellar emissivity (luminosity density): 1

d N

€ 179 (2) = mc’e? - =¢*f...(€) / dm &(m) .‘;":r:m.."]:jj
J © dtded) R /SFR
it,
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Stellar parameters from Eggleton et al. (1989), ApJ, 347, 998
Dust absorption: Driver et al. (2008), ApJ, 678, L101

Expansion
of universe

Dust emission computed self-consistently: Three component dust model:

Component f fi I'n [K]

Warm Large Grains
Hot Small Grains

EBL energy density: € tuppple ) =

JF, Razzaque, & Dermer, (2010), ApJ, 712, 238
Razzaque, Dermer, & JF, (2009), ApJ, 697, 483




total sample 5986 galaxies
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Arest [nm] Avest [1em] Arest [nm] Avest [1em]

0.1539 GALEX ext
0.2316 GALEX ext
0.4389 CFHT12K  det
0.6601 CFHT12K  det
0.8133 CFHT12K  det

2.14 WIRC det

3.6 IRAC det [ 0.25<2<075 1 0.75<z<1.25 1 125<2<175

4.5 IRAC obs
5.8 IRAC obs

8.0 IRAC obs
MIPS 24 23.7 MIPS obs

| 1.75-z<2.25 + 295-7-275 | 275<z<325

Total: 5986 galaxies

Ny

Galaxy luminosity function M,
rest-frame K-band, Cirasuolo+ 10




For a fixed h (h=0.7), the figure shows the maximum variation of tau with Q
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For a fixed h (h=0.7), the figure shows the maximum variation of tau with Q
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For a fixed h (h=0.7), the figure shows the maximum variation of tau with Q
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